INTRODUCTION

THE CHANGES OF THE ELECTRICAL SYSTEMS AND THE DIAGNOSTIC APPROACH
Recently many changes have interested the electrical sector and particularly the liberalization of the electrical production and the opening of the electrical market in many countries. These radical changes have influenced certainly the management of the electrical distribution systems. Indeed, in order to guarantee high quality levels of the electrical service to final customers, the distributors invest into research about the diagnostic methods for the identification, location and characterization of faults in the electrical distribution systems. Experiences in the last decade have shown that the distribution system is the weak point of the global electrical system. Recent statistics show that the duration of the interruptions in the MV networks represent nearly the total duration of the interruptions in the LV, MV and HV networks. Moreover, especially in urban areas, the MV distribution system has become quite complex in structural terms and this fact encourages the use of automation and remote metering for on line control of the system. The diagnostic approach aims at an on-line management of the system, which should allow the on line identification of the generalized system's state. The management system should also identify the actions to be taken in order to keep optimal the management of the network both in faulty and in normal working conditions. In the literature, the diagnostic problem has been dealt with by means of different approaches mostly with reference to specific aspects (characterization, location or identification of the event) and, most of the times, addressed towards transmission systems. The few papers referring to distribution systems mostly base its diagnostic methods on expert systems, neural networks and decision trees. [1] [2] [3] [4] [5] [6] [7] [8] The authors of the present paper, have developed a new methodology for the diagnosis of the faulty events and, in this work, the architecture of control system based on a diagnostic controller implementing the analytic method proposed by the authors, is presented.
THE NEW DIAGNOSTIC METHOD
Each MV network is generally operated in radial configuration and composed of different 'sections' between adjacent MV/LV substations, in cable line, to supply urban areas, and in overhead line for rural areas. The technique is based on the use of circuital models of the electrical system resulting from the composition of distributed parameters quadripoles. The study has been carried out with the method of symmetrical components getting to the system's representation, section by section, by means of the three symmetrical components networks. Indeed, any system, radial or not, can be divided into elementary sections each of which is delimited by two MV/LV secondary substations. Each line can be "normally" (absence of fault) represented with the distributed parameters, namely each line is considered as a cascade of elementary quadripoles of infinitesimal length. In figure 1 , a portion of line comprised between two adjacent MV/LV substations (1 and 2) is represented. In what follows, a part of line comprised between two adjacent secondary substations is called simply "line". The equivalent quadripole representing the line is represented in figure 2. Where:
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,o are the longitudinal impedance and shunt admittance of the line section. When a line is faulty, it can be divided by the fault section into three parts, upstream and downstream the fault and the fault itself. The first two can be represented by two equivalent quadripoles, while the line section where the fault has occurred is represented with a fault quadripole, the latter having undetermined position and type. where quantities µ, ν, ω, θ, ρ, σ, ξ, ψ, and ζ are complex functions of the characteristic features of the particular type of fault [9] [10]. For example, in the case of mono-phase to ground fault, these coefficients depend on the value of the resistance to ground of the fault. Considering the three quadripoles in figure 4 connected in cascade, it is possible to write, for any sequence, the matrix equation relating input and output features of the circuital model:
Where [S] is the equivalent matrix representing the cascade of the three quadripoles ( figure 4) ; it is function of the fault distance, x, and of the characteristic resistance. Solving the matrix equation (3), the distance x of the fault section from the node 1 ( figure 4 ) and the characteristic features of the fault can be obtained. This methodology is applicable to all types of fault and it is also applicable to reconfigurable systems because it is referred to the elementary "line" between adjacent MV/LV substations. In other words, the controller run the analytic procedure controlling each portion of the line, in this way, the series of line's controls are independent from the system's configuration. In the Applications paragraph, the results of the application for the monophase fault are reported.
THE DIAGNOSTIC CONTROL SYSTEM
In general, a diagnostic control system has two objectives: 1. under normal conditions, it must guarantee the optimal working point, relating the variations of the load supplied; 2. under fault conditions, it must locate the fault to isolate the faulty line and minimize the number of customers without electrical current. Once the fault is located and identified, the control system can decide all the actions that are required to optimize the subsequent system's operation. Therefore, in this view, for the management of the distribution system, it is necessary a system that acts in real time. In this aim, the distribution network is considered as part of a control system with input and output features. In figure 5 , the scheme of the MV network is depicted as a system oriented to diagnosys, where the load data and the
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Session No 3 fault data are not controllable input, in other words they are independent features, instead the switches states are controllable input, namely they can be remotely changed. The output of the controlled system is the whole set of measures of the relevant electrical features at any time T and for any working condition. In order to guarantee the objectives 1 and 2, it is necessary to build up a diagnostic control system. The general scheme of the proposed closed loop diagnostic control system is represented in figure 6. The Control System comprises: 1. a metering system, constituted by the meters located at the MV/LV substations. These instruments measure the most important phase features, as voltages and currents, required by the diagnostic controller to execute the line control. Moreover, the metering system comprises the link network for transmission data from meters to controller.
a diagnostic controller that acquires:
the states ON/OFF of the switches at any MV/LV substations; the measures sent from the metering system; After the data acquisition it executes the control of the network by means of the analytic algorithm illustrated in the first paragraph.
3. a tele-controller that operates the switches, changing their position when necessary. The input for the tele-controller is the output of the diagnostic controller. The tele-controller acts as a remote controller.
THE DIAGNOSTIC CONTROLLER
The diagnostic controller is the core of the control system. Once the electrical and topological features are acquired it executes the monitoring of the line under control verifying the presence of any possible kind of fault. It must be able to realize what is the working condition of the controlled line and only if there is a fault it must execute other elaboration. In this aim, the diagnostic controller must be able to execute two types of elaborations, a first elaboration to understand if there is a fault or not and a second elaboration to locate and identify the fault. The first check by comparing the measured data with the calculated data, the latter are voltages and currents outputted by a numerical model of the line not affected by any fault. In this way it is possible to determine whether the portion under observation is affected (no accordance between measured and calculated values) or not (compatibility between measures and calculated values) by a fault. If the first elaboration says that there is a fault in the line under observation, the second elaboration identifies and locates the fault. Then the controller starts a cyclic procedure which includes the measured data into the different models representing the different possible faults, on the basis of different analytical models (starting from the statistically most probable event and going on considering less probable events). In figure 7 , the flow chart synthesizing the diagnostic controller action aiming at the identification of the line sections where the fault takes place is reported.
ARCHITECTURE OF THE GLOBAL DIAGNOSTIC CONTROL SYSTEM
It is now possible to show how this procedure can be extended to the management of an entire distribution system. Each MV network is generally operated in radial configuration and is composed of different 'sections' between adjacent MV/LV substations, at which the diagnostic controllers can be located, each controller acting on one line section. These controllers are subjected to a higher level controller located at the HV/MV substation. The architecture proposed by the Authors is a hierarchical structure divided in two levels. The implementation of the methodology requires the installation of a data and control processing infrastructure which is already available for transmission systems.
APPLICATION
Using the package of programs for the simulation of electrical radial networks SIRN [9] (Simulation of Radial Networks), some different anomalous working conditions have been simulated. The SIRN program implements a test system of realistic size (figure 9). In what follows, the results of some interesting applications are reported. A series of mono-phase to ground faults have been simulated on phase A, of the line section delimitated by nodes 85-92 on the line 8, with x = 2.99 km and R T ranging between 10 Ω and 1000 Ω. Moreover, it has been hypothesized that the MV/LV transformers, located in the network buses, output the rated power with a power factor of 0.8, lagging, with the MV neutral ungrounded. The loads are supplied at their full rated power. The application of the method proposed by the Authors gives the results reported in Table 1 . The solutions of the analytical system for different values of R T show that the method is highly reliable, in fact the error is very low. 
CONCLUSIONS
The methodology here proposed allows the solution of the diagnostic problem in distribution systems in general terms and with a good compromise between precision and reliability of results. The architecture of the diagnostic control system defined by the Authors, by means of a distributed intelligence in the secondary substations, allows the reduction of the interruption times. Moreover, this architecture of the diagnostic control system allows the knowledge of the "generalized" working state of the network, that is the working state of the network under normal conditions and under fault conditions. The Authors have already extended the proposed methodology to the most common types of fault so as to try to identify if possible, a general but unique representation for all the possible working conditions, in normal state or during outage.
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